This work shows transmission parameters of specific power line, which is control cable used for supplying a railway sign. Two transmission parameters are con- g. distance or maximum bit rate.
Introduction, a problem definition
Modern railway light sign systems are characterized by high reliability due to the use of light sources based on LED technology. The second solution that does these systems more reliable is ensuring communication between the sign and the railway automation centre. Communication allows the sign to be queried for its status by the railway automation centre. Before that only the flow of current was monitored, it was assumed that if it flows, the sign lights, which did not have to be consistent with the actual state. Communication needs a transmission medium, the use of wireless one is irrational because of two reasons. First reason is security, second is a few kilometres distance, which is unavailable in ISM (Industrial, Scientific, Medical), microwave bands, assuming high reliability. The use of other wired media involves high costs, a specially high costs the high cost of work on the railway. Therefore, the optimal solution is to use narrowband PLC (Power Line Communications) technology and use the railway sign power line both for data transmission and sign supplying. PLC technology is well known though not as old as modem transmission over telecom former causes that we are dealing with symmetrical power supply. The control cable type is used between a transformer and a railway sign. This control cable was used by the authors for data transmission using PLC technology.
In these section transmission parameters of such a cable will be analyzed.
In comparison to cables used in telecommunications, the control cable has a larger cross-section of wire con- where l is the length of the line and is the attenuation factor, the unit for is Np/m. Based on [5] it can be calculated from:
where: R -two-wires real part of total series impedance per meter, C -shunt capacitance of per meter, L -twowires total series inductance per meter.
In (1) the shunt conductance G was not included because of its very small value in compare to typical telecom lines. The analysis was done in the range of the frequency from 50 kHz up to 100 kHz due to the operating frequency of the PLC modems used in the described solution. C does not depend on the frequency, so we used catalogue values given by producers, they are:
pF/m and C 2nd = 82 pF/m.
R depends on the frequency, because it has two components: resistance and real part of the impedance caused by the skin effect and the second component depends on the frequency. In our analysis we did not include third component which is real part of the impedance, caused by the proximity of other conductors. We could make this 
where A is the cross-sectional area of the cylindrical conductor in square metres and resistivity of the conductor, for cooper it is 1.72·10 −8 m 2 . A equals to πr 2 −π(r−ρ) 2 where r is the radius of conductor and ρ is the skin depth, which depends from frequency and can be described by formula:
where µ magnetic permeability of the conductor for cooper it is 1.26 · 10 −6 N/A 2 and f is frequency.
From (3) the value of skin depth at a frequency of 50 kHz is around 0.3 mm and at 100 kHz is around 0.2 mm.
Knowing R 0 and using (2) and (3) R s_1st = 10 mΩ/m. 
where a is the distance between the centres conductors and r is conductor radius. L i can be calculated from the following formula [5] (for two wires if R was calculated for two wires):
Two-wires total series inductance L is the sum of L e and L i calculated from (4) and (5) Assuming that the maximum control cable length is 10 km, which is consistent with the theory, the maximum attenuation of 10 km, 1 mm2 solid control cable is around 
Characteristic impedance of the railway sign power line
The characteristic impedance is also secondary parameter, which can be calculated knowing primary parameters.
The use of knowing its value allows to describe the level of mismatching the line to transmitter or receiver. The level of mismatching is higher the attenuation caused by this fact is higher. The char characteristic impedance Z 0 does not depends on line distance but it depends on frequency as well as primary parameters. Based on [5] it can be calculated from:
Similarly to the attenuation factor, G was also omitted in calculating the characteristic impedance, we did not omitted R as it was done in [6] because we operate of two control cables we can state that they are similar both for telecom cables [5] and LV power lines [7] .
Attenuation caused by mismatching
To describe the degree of mismatching between the line and PLC modem, according to [5] , the following formula can be used:
where Z M is the PLC modem impedance. If magnitude of Γ equals to 1, it means that matching conditions are met.
Modems used in experiment had following impedance 1 + 18 · 10 −6 jω + to [5] , can be calculated from following formula:
PLC systems works in half-duplex mode using 2 wires links, so that formula (8) may be used both for mismatching between cable and transmitter and mismatching between cable and receiver, it is why for further calculation
A mm results returned from (8) are doubled. In Fig. 2 
